A four-element fiber array has demonstrated 470 watts of coherently phased, linearly polarized light. The results of this experiment as well as comparisons to other fiber array approaches will be presented.
INTRODUCTION
We report in this paper on the successful demonstration of a robust phased array of four ytterbium fiber amplifiers. Active control of the phase of each element is used to achieve phase coherence of the entire array. Using active control of each element additionally allows this architecture to be used for direct atmospheric correction and fast, two dimensional beam steering.
EXPERIMENT
The basic experiment design is shown in Figure 1 . Power from the master laser is isolated and then divided among five paths, one reference arm and four amplified signal arms. Light in the reference arm is frequency shifted in an acoustooptic Bragg cell. A sample of each signal beam is interfered with the reference beam to generate a heterodyne beat waveform that is used to measure the phase of that arm relative to that of the reference arm. The phase controller performs the phase measurement in fully parallel electronics and adjusts the phase of each arm with a control voltage to individual lithium niobate waveguide phase modulators. The far-field diagnostic consists of a far-field conversion lens, beamsplitter, and a digital video camera outfitted with a zoom microscopic lens system. The four coherently combined beams were displayed by the far-field diagnostic camera and the pattern was recorded. When the loop is closed, the far-field pattern is stable and the peak intensity is maximized. In fact, the pattern remains stable even when the fibers are actively manipulated by hand, thereby demonstrating the robust phase locking that we have achieved. With the locking loop open, the pattern is unstable and the peak intensity is low. Hand manipulation of the fiber makes the pattern highly unstable. Measurements of the far-field pattern along with a modeled pattern are shown in figure 2.
Figure 2: Measured far-field pattern for 4-element array (left) and theoretical prediction (right)
Beam steering was also demonstrated by adjusting the relative phases of the 4 elements. The direction of the coherent beam changed when the phase plane of the array was adjusted to tilt in any desired direction. The degree of steering is limited to the angular extent of a single element in the array. The steering can be done very quickly with the Lithium Niobate phase adjusters. The ability to actively control the phase of each element in the array would allow for correction of atmospheric disturbances and beam jitter. This is a key advantage of this method over spectral beam combining or passively combined fiber arrays.
OTHER FIBER ARRAY BEAM COMBINING APPROACHES
There are several approaches to combining high power fiber elements and each approach has its strengths and weaknesses. The approaches include spectral beam combining (SBC), passively combining (no active control), and actively controlled fiber arrays. In the later two methods there are several variations which have their own strengths and weaknesses. A comparison of the various approaches will be presented in light of what is currently known.
